fairly successful, death due to metastatic disease remains a major challenge among dogs with melanoma. [3] [4] [5] [6] Traditionally, systemic adjunctive therapy administered after surgery has consisted of full-course chemotherapy with a platinum-based compound. 2, 5, 7 This has led to inconsistent and generally disappointing results. 8, 9 Vascular endothelial growth factor has been shown to be a possible target for adjunctive therapy in cases of canine malignant melanoma, 10 and newer adjunctive therapies such as metronomic chemotherapy and treatment with tyrosine kinase inhibitors may have a role in the systemic control of melanoma. Furthermore, a vaccine a against melanoma was recently licensed for use in dogs [11] [12] [13] and is widely used in cancer centers in North America after affected dogs undergo local treatment with surgery or radiation. Early results with this treatment were encouraging 12 ; however, authors of a recent retrospective study 14 involving a small number of dogs with oral melanoma concluded that the additional use of the melanoma vaccine did not improve survival time.
Recommendations for postoperative adjuvant therapy for canine oral malignant melanoma vary among clinicians and institutions. There is no consensus regarding which treatment options should be recommended as first-line adjunctive therapy after surgery. Furthermore, many systemic adjuvant therapy recommendations are opinion based, rather than evidence based, and can generate vigorous discussion among specialists.
b An objective evaluation of the usefulness of the available adjunctive treatments is needed.
The objectives of the study reported here were to determine prognostic factors for and compare outcome among dogs with oral malignant melanoma following excision with or without various systemic adjuvant therapies, and to provide a basis for a randomized, prospective study to evaluate the treatment protocols that show the most promise for successful treatment of oral malignant melanomas in dogs. We hypothesized that following excision of the melanoma, administration of systemic adjuvant therapy would prolong the overall survival time among dogs, compared with that among dogs that received no systemic adjuvant therapy; that the size of the oral melanoma would be a prognostic factor for survival time; and that wide and radical excision would be more effective for local control and result in longer survival times, compared with findings following marginal or intralesional excision. The null hypothesis was that there would be no difference in overall survival time among the groups of dogs receiving various systemic adjuvant therapies.
Materials and Methods
Case accrual was solicited from Veterinary Society of Surgical Oncology members via email.
b Inclusion criteria for the study were that dogs had histologically confirmed oral malignant melanoma and were treated by tumor excision in the period from 2001 to 2012. Dogs that underwent incisional biopsy only were excluded from the study. Information collected from the medical record for each case included signalment (age, breed, and sex), tumor size (based on maximum dimension), tumor location, preoperative tumor staging (local and systemic), type of excision (intralesional, marginal, wide, or radical), histologic diagnosis and margin evaluation, adjuvant radiation therapy, systemic adjuvant therapy, evidence of local recurrence, overall survival time, and cause of death. An intralesional excision was defined as an excision within the tumor with cytoreductive intent, where some macroscopically tumor-bearing tissue was not removed. A marginal excision was defined as the apparent removal of all macroscopically tumor-bearing tissue, but where the excision margins would not be anticipated to completely remove all microscopically diseased tissue and were within the tumor reactive zone. A wide excision was defined as the attempt to remove of all macroscopic and microscopic tumor-bearing tissue by excision of the tumor with a margin of unaffected tissue around the tumor that was outside the tumor reactive zone. A radical excision was defined as the removal of an anatomic segment as an attempt to achieve the same goals as intended with a wide excision. Survival time was the primary outcome measure in the study and was defined as the period from the date of surgery until the date of death or last followup contact. As has been reported for another study 12 of dogs with oral malignant melanoma, progression-free interval was not specifically evaluated because of the typical rapid progression from evidence of gross metastasis and death with this neoplastic condition. The retrospective nature of the present study and the lack of consistent time points of evaluation of the dogs further compounded this issue.
Statistical analysis-Descriptive statistics, including median and range for continuous variables and population size and proportion for categorical variables, were used for summarizing the data. The overall survival time was compared among treatment groups by means of the log rank test. The corresponding hazard ratio and its 95% CI were estimated through the Cox proportional hazard regression model.
Both univariate and multivariate analyses were performed to assess the association of demographic and clinical variables with overall survival time. A forward selection method was used to select the most significant prognostic factors that were highly associated with survival time. When performing survival analyses, the continuous variables age and tumor size were classified into groups to assess the corresponding group effect on the overall survival time. To be specific, for tumor size, the dogs were categorized into 3 groups on the basis of whether the maximum dimension of the tumor was < 2, 2 to 4, or > 4 cm. A receiver operating characteristic curve analysis of age effect on mortality rate suggested that 12 years of age was an appropriate cutoff for assessing the age effect on survival time with dichotomized data. For age, dogs were categorized into 2 groups on the basis of whether they were < 12 or ≥ 12 years old. The sensitivity, specificity, and positive and negative predictive values of lymph node palpation and cytologic evaluation findings for detection of metastatic disease were evaluated, with histopathologic findings for lymph nodes as the gold standard.
The association of demographic and clinical variables with whether systemic adjuvant therapy was used was tested by an exact χ 2 test. As well, the association between patient age and the categorical variables (including whether adjuvant treatments were administered) was assessed by means of the Kruskal-Wallis test. For all analyses, a value of P < 0.05 was considered significant.
Results

Dogs
-One hundred fifty-one cases were submitted and met the inclusion criteria. Cases were contributed from 8 institutions and 4 countries. The cases were accrued from the University of Turin, Italy (n = 45), University of California-Davis (36), Clinica Veterinaria Nerviano, Milan, Italy (27), MedVet, Columbus, Ohio (17) , Lusofona University, Lisbon, Portugal (11), Ontario Veterinary College (9) , and Alta Vista Animal Hospital, Ottawa (6 The maximum dimension of the tumor was noted in the records of 135 dogs. The median maximum tumor dimension was 2.6 cm (range, 0.4 to 7.0 cm). Maximum tumor dimension was < 2, 2 to 4, and > 4 cm in 39 (29%), 71 (53%), and 25 (19%) of the 135 dogs, respectively.
Tumor staging-The mandibular lymph nodes were evaluated by palpation, cytologic evaluation, and histologic evaluation. The type of lymph node evaluation and whether this was unilateral or bilateral were not consistent or standardized among the dogs included in the study. Draining mandibular lymph node characteristics determined via palpation, cytologic evaluation, and histologic evaluation were summarized ( Table 1 ). The sensitivity, specificity, positive predictive value, and negative predictive value of lymph node palpation, compared with histologic evaluation, for detection of metastatic disease were 65.6%, 77.8%, 84.0%, and 56.0%, respectively. The sensitivity, specificity, positive predictive value, and negative predictive value of lymph node cytologic evaluation, compared with histologic evaluation, for detection of metastatic disease were 78.1%, 64.3%, 83.3%, and 56.3%, respectively.
Thoracic radiography was performed before surgery in 127 cases; with regard to radiographic evidence of gross metastatic disease, findings were considered negative for 122 dogs, positive for 2 dogs, and equivocal for 3 dogs. Thoracic CT was performed before surgery in 18 cases; with regard to CT evidence of gross metastatic disease, findings were considered negative for 14 dogs, positive for 3 dogs, and equivocal for 1 dog. Among the 3 dogs for which CT findings were considered positive, radiographic findings were considered equivocal for 2 and negative for 1. Thoracic radiographic views were not available in the case for which CT findings were considered equivocal.
Type of surgery and margins-The type of surgery was recorded or inferred from the surgery report for 150 cases. The excision was considered intralesional in 7 dogs, marginal in 29 dogs, and wide or radical in 114 dogs. Histologic margin information was available for 122 dogs. A complete excision was noted in the records of 77 dogs, and an incomplete excision was noted in the records of 45 dogs. Among the 92 dogs treated with wide or radical excision and for which margin information was available, the tumor removal was considered complete for 73 and considered incomplete for 19.
Adjuvant therapy-Following surgery, 12 dogs received radiation therapy. The radiation therapy protocol varied but was most often a hypofractionated protocol. Chemotherapy was used as adjunctive treatment following surgery in 32 cases. The chemotherapy protocols varied, but 26 dogs received a platinum-based treatment; 21 of those dogs received carboplatin. Other chemotherapeutic agents administered included lomustine, dacarbazine, and doxorubicin. Metronomic chemotherapy was used in 4 cases. Immunotherapy with the melanoma vaccine was used in 24 cases; 14 dogs were treated with a commercial vaccine a against melanoma, and 10 dogs were treated with an investigative vaccine against melanoma developed at the University of Wisconsin. No dogs were treated with tyrosine kinase inhibitors. Ninety-eight dogs received no systemic adjuvant therapy after surgery.
The systemic adjuvant therapy groups evaluated included dogs that were treated with chemotherapy, metronomic chemotherapy, or vaccination. The vaccinated dogs were considered as a group and as 2 subgroups on the basis of the type of vaccination (University of Wisconsin vaccine or the commercial melanoma vaccine). There were no differences in survival times detected between the 2 vaccine subgroups. None of the systemic adjuvant treatments had a significant impact on survival time among the study dogs. Comparison of data for dogs that underwent surgery and were given a form of systemic adjuvant therapy (n = 53) and data for dogs that underwent surgery and were not given a form of systemic adjuvant therapy (98) revealed no difference in survival times between the 2 groups. The MST was 335 and 352 days for dogs that received systemic adjuvant therapy and those that did not, respectively (Figure 1) . A post hoc power calculation was performed for comparison of survival time between dogs that received systemic adjuvant therapy and those that did not. Assuming a proportional hazard relationship between the 2 groups with the observed hazard ratio of 0.856 and 3-year survival rate of 12.7%, the post hoc power to detect the observed difference at the significance level of P = 0.05 was 13.5%. To detect a difference between these 2 groups with a power of 80%, the required sample size would be 1,615 dogs if the allocation ratio between the 2 groups remained the same as observed or 1,530 dogs if equal allocation was considered.
Cause of death-The date of last follow-up contact was known in 148 cases, with 90 confirmed deaths and 58 dogs still alive at that time. Of the 90 deaths, the cause was known for 82; for 58 dogs, the cause of death was melanoma related. Among the dogs that were alive, overall median follow-up interval from the date of surgery to the date of last data collection was 175 days. Local tumor recurrence was noted for 24 dogs. In these 24 cases, margin status was considered incomplete in 13 and complete in 6; margin status was not recorded in 5 cases. Pulmonary metastases developed in 35 dogs. Lymph node metastases developed in 28 dogs, of which 12 had documented cytologic or histologic evidence of lymph node metastasis at the initial evaluation.
Univariate survival analysis-In univariate analysis, age ≥ 12 years (vs < 12 years) was significantly (P = 0.002) associated with limited survival time (hazard ratio, 2.26; 95% CI, 1.461 to 3.483; Figure 2 ). Other significant (P < 0.001) variables included greater maximum tumor dimension (2 to 4 cm vs < 2 cm; hazard ratio, 2.23; 95% CI, 1.295 to 3.831; > 4 cm vs < 2 cm; hazard ratio, 5.201; 95% CI, 2.646 to 10.225; Figure 3) . Metronomic chemotherapy (hazard ratio, 7.82; 95% CI, 2.36 to 25.93; P = 0.001) and intralesional surgery (marginal vs intralesional excision [hazard ratio, 0.29; 95% CI, 0.10 to 0.83] and wide or radical excision vs intralesional excision [hazard ratio, 0.26; 95% CI, 0.10 to 0.67]; P = 0.011) were significantly associated with shorter survival time (Figure 4 ). The addition of radiation therapy was significantly (P = 0.013) associated with longer survival time (hazard ratio, 0.20; 95% CI, 0.05 to 0.82). However, among dogs that received this treatment, the effect of radiation therapy was confounded by age. Dogs that had radiation therapy were younger than those that did not; therefore, the association of radiation therapy and increased survival time was not significant in multivariate analysis. Patient weight, location of the tumor (lateral and rostral locations vs caudal location), adjuvant cytotoxic chemotherapy, treatment with the vaccine against melanoma, and lymph node involvement were not associated with survival time.
Dogs that received systemic adjuvant chemotherapy were more likely to receive concurrent postoperative radiation therapy (P = 0.026). No other significant differences with regard to age, weight, tumor size, type of surgery, or tumor location were detected. Older dogs were significantly less likely to receive both radiation therapy (P = 0.010) and the vaccine against melanoma (P = 0.016) after surgery, with no differences detected in tumor size or location, type of surgery, adjuvant chemotherapy, or metronomic chemotherapy based on age.
Multivariate survival analysis-In multivariate analyses, age ≥ 12 years (vs < 12 years) at the time of surgery had a significant (P = 0.005) negative effect on survival time (hazard ratio, 1.99; 95% CI, 1.224 to 3.228). Maximum tumor dimension had a significant (P = 0.007) effect on survival time; for a maximum tumor dimension of 2 to 4 cm versus < 2 cm, the hazard ratio was 1.709 (95% CI, 0.962 to 3.036), and for > 4 cm versus < 2 cm, the hazard ratio was 3.87 (95% CI, 1.92 to 7.80). Intralesional excision had a negative (P = 0.015) impact on survival time, compared with marginal excision (hazard ratio, 0.26; 95% CI, 0.07 to 0.97) and with wide or radical (hazard ratio, 0.17; 95% CI, 0.05 to 0.60) excision. Other factors were not significantly associated with survival time after controlling for these 3 variables. The prognostic factors that were significant in univariate and multivariate analysis were summarized ( Table 2 ). The significant increase in likelihood of receiving postoperative radiation therapy in dogs that had received systemic adjuvant therapy was not significant in multivariate analysis after adjusting for the covariates such as age, tumor size, type of surgery, and tumor location.
The overall MST among the study dogs was 346 days (range, 1 to 1,716 days). Dogs that were < 12 years of age had an MST of 630 days, compared with an MST of 224 for dogs that were ≥ 12 years of age. For dogs with tumors for which the maximum dimension was < 2, 2 to 4, or > 4 cm, the MST was 630, 240, and 173 days, respectively. Dogs that underwent intralesional excision had an MST of 117 days, which was less than that of dogs that underwent marginal (346 days) and wide or radical excision (354 days).
Discussion
The present retrospective study involved a large number of dogs with oral malignant melanoma that were surgically treated with or without adjuvant therapy. Our aims were to evaluate prognostic factors in this group of dogs and specifically to evaluate the outcome associated with postoperative systemic adjunctive therapy.
Age was determined to be a prognostic factor in the present study, with significantly shorter survival time in dogs ≥ 12 years old, compared with dogs < 12 years old. This association maintained significance when only cases of melanoma-related death were considered. This may be due to selection bias, wherein older patients were treated with less aggressive surgical and medical interventions. Older dogs were significantly less likely to receive both radiation therapy and the vaccine against melanoma as postoperative adjuvant therapies. It is also possible that the older dogs in the study may have had a more aggressive form of melanoma. Previous studies 15 have not shown that age is a prognostic factor for dogs with oral malignant melanoma.
Given the low sensitivity and specificity of both lymph node palpation and cytologic evaluation for detection of metastatic disease in dogs with oral malignant melanoma in the present study, routine biopsy of lymph nodes is recommended for lymph node staging. Williams and Packer 16 previously reported that lymph node palpation alone is an insensitive method for determining whether oral malignant melanoma has metastasized to the draining lymph nodes. Furthermore, it is our opinion that dissection of both the ipsilateral and contralateral mandibular and retropharyngeal lymph nodes should be performed to determine whether metastatic disease is present. To our knowledge, no studies have evaluated the incidence of contralateral lymph node metastasis in dogs with oral melanoma; however, contralateral lymph node metastasis in humans with oral melanoma has been reported. 17 Lymph node metastasis was not found to be of prognostic value among the dogs in the present study. This was similar to the findings of 2 previous studies, 15 which did not show regional lymph node involvement to be prognostic. The apparent lack of prognostic value may be because lymph node assessment had not been standardized in those retrospective studies. 15 Lymph node status has prognostic importance in human cases of oral malignant melanoma, suggesting that lymph node staging in similarly affected dogs may be worthwhile. 18, 19 In the present study, larger tumor size was a negative prognostic indicator. Tumor size and WHO stage have not been definitively shown to be prognostic for dogs with oral melanoma. 15, 20 However, it is intuitive that a large oral malignant tumor would be associated with a poorer prognosis for several potential reasons: unlike a small tumor, it has a more aggressive growth pattern, it has likely been present longer and therefore has an increased risk of distant metastasis, or local control is more difficult to achieve with surgery.
The dogs in the present study that underwent intralesional excision had a significantly shorter survival time, compared with dogs that underwent marginal excision or wide or radical excision. This is expected, considering that a decision to perform intralesional surgery was likely based on palliative intent. Interestingly, dogs treated with marginal excision did not have a shorter survival time than dogs treated with wide or radical excision. It is possible that removal of the primary tumor via a marginal or wide excision may eliminate tumor-mediated immunosuppression and allow a dog' s immune system to react to the remaining microscopic tumor burden. 21 Having said that, until there are more compelling data to the contrary, we still believe that the goal of surgery should be complete removal of both macroscopically and microscopically diseased tissue via wide or radical excision. When this is not possible, a marginal excision can be considered. Intralesional resection does not appear to offer a survival advantage but may improve patient comfort in a palliative setting.
In the present study, the overall survival time was 346 days, with 29% of the dogs living > 1 year before death or loss to follow-up. This survival time is comparable to those reported recently for dogs with oral melanoma. 8, 9 These results are encouraging and should support a shift in prognostication and treatment of this disease. An overly negative prognosis has the potential to lead to undertreatment of this disease because of the perceptions of the client and attending clinician.
One of the study goals was not achieved in the present study: determining which systemic adjunctive therapy or therapies had the most promise for treatment of canine oral malignant melanoma. This was due to a combination of factors. It is possible that these adjunctive therapies do not actually make a difference in the course of this disease, as has been suggested from results of recent studies in which carboplatin 8, 9 or the vaccine against melanoma 14 were not associated with improved survival time in cases of canine oral malignant melanoma. It is also possible that the low number of dogs in each treatment group in the present study (combined with the inherent study limitations including lack of randomization and treatment protocol standardization) made it impossible to detect any differences in survival times provided by the various systemic adjuvant therapies. This could be due to a type II error, or it may be that there was no difference in survival times between the treatment groups. Post hoc power analysis revealed an exceedingly low statistical power (13.5%) to detect the observed difference based on the sample size. To detect the same difference with 80% power, inclusion of at least 1,530 dogs would have been required, depending on the allocation ratio between the 2 groups. However, post hoc power analysis should be interpreted with caution. It is also possible that we did not detect a difference in survival time between dogs that did and did not receive systemic adjuvant therapy because of unmeasured confounding factors in this retrospective study. This highlights the need for a randomized prospective study to assess the impact of commonly used adjuvant therapies on survival time among dogs with oral malignant melanoma. It also indicates that a large number of cases will be required and that a multi-institutional study would be appropriate to have an adequately powered study.
One large study 13 in dogs compared adjuvant treatment with the commercial xenogeneic human tyrosinase DNA vaccine with historical controls. Interestingly, the historical controls also had a long survival time of 324 days. 13 The vaccinates had a significantly longer survival time, and the median for this group was not reached. 13 Although these findings are promising, the comparison of the treatment group to historical SMALL ANIMALS/ EXOTIC controls was suboptimal and the long survival time in that historical control group and in the dogs that were treated with surgery alone in the present study suggests that a prospective study with placebo versus treatment is both ethical and warranted.
The major limitations of the present study reflected the limitations that exist in current knowledge of this disease, which is fraught with bias in how treatments are selected for patients. A wide range of clinical approaches were used in the cases included in the present study. Study dogs did not receive standardized treatment for this disease, and both selection bias and confirmation bias likely played a role in treatment decisions. Another major limitation was that we were not able to conduct a histologic review for these cases. This may have helped to stratify the cases and determine prognosis. It is known that mitotic index, nuclear atypia, and growth fraction are important factors in the prognosis for dogs with melanocytic neoplasia. 15 It is possible that the histopathologic characteristics are the ultimate determinants of the biological behavior of this disease and determine prognosis, regardless of clinical efforts.
One unexpected finding in the present study was the large number of dogs that did not receive any form of systemic therapy after local tumor treatment. Why these dogs were not treated with adjuvant therapy is not clear. Possibly, the histopathologic features of the tumor were not highly aggressive in these cases and hence adjuvant therapy was not recommended. However, this was considered unlikely because all cases in the present study had a definitive diagnosis of malignant melanoma. More likely, these dogs did not have further treatment because of factors that were related to the owners' or the attending clinicians' opinions about adjuvant therapy rather than to features of the tumor itself, but this is difficult to prove or disprove. Following surgery, 98 dogs in the present study had no additional treatment with no apparent effect on the survival time, compared with dogs that were treated with either vaccination or chemotherapy. Looking at this group as a stand-alone population is interesting because there are no reports of such a large group of dogs that have undergone surgery for oral melanoma with no additional treatment. Most dogs in the present study had wide or radical excision of the tumor. The results suggested that systemic adjunctive therapy may not provide additional benefits to wide or radical excision alone. The similar outcome in dogs that underwent surgery but were not treated with adjuvant therapy underscores the suggestion that local control and biological behavior of the tumor may be the most important factors in determining outcome for affected dogs.
Results of the present study indicated that surgical treatment of oral malignant melanoma in dogs can result in an MST of 346 days, with long-term survival in 29% of cases. Dogs that were treated with surgery alone had an MST of 352 days, and we were not able to detect a survival advantage with any form of postoperative adjuvant therapy. Surgery should continue to be a cornerstone in the treatment of this disease. No definitive recommendations for adjunctive therapy could be made on the basis of the findings of the present study. As mentioned in reports of other retrospective studies 8, 9, 15 of this disease, it is evident that a randomized, prospective clinical trial that compares postoperative adjuvant therapies for oral melanoma in dogs is needed. 
